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1.0 SUMMARY 

This program was an extension of the efforts initiated 
earlier under NASA Contracts NAS3-20824, NAS3-22807 aimed at 
establishing a comprehensive computer program for the analy- 
sis of the performance of spherical roller bearings in heli- 
copter planetary transmissions. The work reported here 
consists of the design of a planetary bearing test rig, i.e. 
a test rig to evaluate the performance of a spherical roller 
bearing with a geared outer ring operating under conditions 
similar to those of a planet bearing in a helicopter 
tr ansmi ssi on . 

The program as initially structured consi sted of six tasks 
starting with the rig design, proceeding through rig fabri- 
cation, installation and checkout, parametric testing of a 
selected spherical roller bearing with a geared outer ring 
and the comparison of the collected data with computer pre- 
dictions generated under NASA Contract NAS3-22807. However, 
due to changing priorities and areas of concern with NASA, 
the program was terminated following the designing of the 
test rig. 

Starting with the previously developed test rig concept, 
a design with a complete set of detail and assembly drawings 
was formalized. The test rig configuration is an extension 
of the widely accepted four-square gearbox arrangement used 
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extensively for the testing of gears. The rig design con- 
sists of separating each set of meshing gears in the four- 
square arrangement and inserting a geared outer ring test 
bearing between each set as idlers, thus reconstructing the 
four-square arrangement. This configuration simulates all 
of the primary planet bearing conditions except the centri- 
fugal effects of the carrier rotation. 

The test rig design was the joint effort of SKF Industries 
and Philadelphia Gear Corporation. SKF held the project 
responsibility for the overall design activity including the 
establishment of the basic systems configuration and the 
interfacing of the various components, and the detail design 
of the test bearing modules. PGC conducted the design of 
the two gear boxes, drive gear configurations and the asso- 
ciated components. 

The rig was designed specifically for testing a planet 
bearing used in the OH-58 helicopter transmission, SKF 
Bearing Number 462721, with a 31.75 mm (1.25 in.) bore. 
However, with modification to the rig gears ard the stub 
shafts, a test bearing with a bore up to 50 mm can be incor- 
porated. The rig was designed to run over a test bearing 
outer ring speed range from 0.1 to 0.6 million DN, 330 to 
1980 rad/sec., (3,150 to 18,900 rpm) under loads producing 
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C/P values down to 3 and bearing misalignment up to 0.048 
radians (2.7°) with under race lubrication applied to the 
test bearing. 

Two copies of the test rig drawings were sent to the NASA 
project leader while the original drawings are stored at SKF 
Industries and the Philadelphia Gear Company. 
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2.0 INTRODUCTION 

Standard and specially designed spherical roller bearings 
have long been used in a large number of industrial applica- 
tions and a significant amount of knowledge is available 
about the performance characteristics of these bearings. As 
a result, the design philosophies and manufacturing require- 
ments for these applications are well known and sophisticated 
computerized analysis tools exist to predict bearing perfor- 
mance in these applications. 

Spherical roller bearings are now gaining widespread use as 
the planet gear support bearing in planetary transmissions 
for a number of aerospace applications such as helicopters. 

In these applications, the bearings are subjected to 
operating conditions which are significantly different from 
those experienced in standard industrial environments where 
spherical roller bearings have been applied so successfully 
in the past. These specialized conditions include outer 
ring rotation, the application of loads through the gear 
teeth integral with the bearing outer ring, centrifugal for- 
ces generated by the rotation of the gear carrier, substan- 
tial misalignment, the uses of synthetic i bricants, higher 
speeds, and higher temperature. The relatively large number 
of these planetary systems and the critical nature of these 

components ' r aircraft systems establish the need to obtain 
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realistic information regarding the performance of spherical 
roller bearings under these unique conditions. 

Specific efforts to eliminate those deficiencies in 
knowledge were initiated in 1978 under U.S. Government 
Contract NAS3-20824, directed by the NASA Lewis Research 
Center. The objective of this program was to create a spe- 
cific computer code for the evaluation of spherical roller 
bearings running with inner ring rotation over a broad range 
of operating conditions. The referenced program also 
included an experimental portion where parametric tests were 
conducted on a specially instrumented high speed spherical 
roller bearing test rig to define the performance charac- 
teristics of the bearing design under a variety of speed, 
load, lubrication and thermal conditions for comparison with 
the analysis and definition of factors contained in the com- 
puter code. Cl]* 

The activity was continued in 1981 under Contract 
NAS3-22807. The objective of this latter program was to 
modify the spherical bearing analysis program to consider 
outer ring rotation and include the effects of significant 
amounts of misalignment. A number of parametric studies 
were then conducted using the expanded code to predict the 
operating characteristics of a specific bearing design under 

* Numbers in brackets denote references at end of report. 

m- 
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planetary system operating conditions. However, the 
referenced project did not include experimental verification 
which is required to insure the accuracy of the computed 
predict ions. 

In anticipation of this need, the program did include a task 
to establish a conceptual design for a test rig which would 
simulate the primary planet bearing environment minus the 
centrifugal effects of the carrier rotation. [2] 

In 1983 a third program initialed by the NASA Lewis Research 
Center was structured to formalize the rig design, to manu- 
facture and check out the test rig, and to perform para- 
metric testing to obtain experimental data. However, due to 
changing priorities and areas of concern within NASA only 
the design of the test rig was completed. The test rig 
design is the subject of this report. 
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3.0 TEST RIG DESIGN 

The test rig design is the result of the joint effort of SKF 

Industries and the Philadelphia Gear Company (PGC). SKF 

directed the overall design activity, specified the general 

configuration and interface condition, and designed the two 

test bearing modules. Philadelphia Gear conducted the 

design of the two gearboxes and analyzed the overall system 

* 

dynami cs . 

3 . 1 Test Rig Configuration 

The test rig design was based on a previously conceived con- 
figuration which permitted the simulation of the major con- 
ditions imposed on a planet gear support bearing in a 
helicopter transmission. These conditions include outer 
ring rotation, loading produced from the torque applied to 
the flexible geared outer ring, misalignment, and under-race 
lubrication. It does not simulate the centrifugal loading 
created by the rotation of the bearing carrier. 

The conceived configuration is a modification of the widely 
accepted four-square gearbox arrangement used extensively 
for the testing of gears and gear lubrication. Each set of 
primary drive gears in the four-square design is separated 
by the insertion of a geared outer ring spherical roller 
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bearing, mounted on a stub shaft with its support bearings 
and housings as an idler. Thus, the four-square arrangement 
is maintained but now incorporates two test bearings with 
outer ring rotation, see Figure 1. 

By using a special shaft coupling design, the primary test 
load (torque) can be locked into the closed loop. This 
torque produces the planet bearing load through the geared 
outer ring. This arrangement results in a large reduction 
in rig power consumption since the drive motor only needs to 
supply sufficient power to compensate for losses in the 
gears, test bearings and gear support bearings. The test 
bearing misalignment can be achieved by tilting the stub 
shaft, on which the inner ring of the test bearing is 
mounted, a controlled amount and an axial hole in the stub 
shaft can be used to supply under race lubrication. Thus 
all the major conditions can be applied to the test bearings 
using the described configuration. 
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SCHEMATIC OF R CONCEPT 
FIGURE 1 







AT85T004 


3 .2 Specified Operating Conditions and Measured Properties 

The contract specified that the test rig would be designed 
to test spherical roller bearings with bore diameters 
ranging from 30 mm to 50 mm. In the associated analytical 
program, previously performed, a 31.75 mm bore, double row, 
spherical roller bearing was selected for analysis and a 
detailed analytical study performed . [2 ] Since it was the 
ultimate goal of this program to obtain test results for 
comparison with analytical results, the same bearing was 
selected and the rig design tailored to its configuration. 
However, the gearbox was sized to accommodate larger test 
bearings by varying the pitch diameter of the rig gears. 

The bearing selected, SKF No. 462721 was a logical choice 
since it is presently in production and has been used for 
several years in the transmission of the Bell OH-58 helicopter. 

The work statement specified that the rig be designed to 
operate in a speed range from 0.1 to 0.6 million ON and with 
ioads varying from C/P values of 20 to 3. Where D is the 
bearing bore diameter in mm; N, the angular velocity in rpm; 

C, the dynamic capacity of the bearing; and P, the equiva- 
lent radial load applied. 

The wc'-k statement also specified that the rig be capable of 
applying a test bearing misalignment from 0° to a maximum 
value as limited by the bearing design. 
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Having selected the specific test bearing, these general 
expressions for speed, load and misalignment were converted 
into specific values. The test bearing outer ring speeds in 
rpm were calculated directly using the equation N * DN/D and 
are listed in Table 1. Also listed is the rig gear angular 
velocity established after its pitch diameter had been 
determined. 

The loading experienced by a planetary bearing is 
illustrated in Figure 2. The total contact forces F, develop 
at diametrically opposed points on the gear pitch circle, 
due to the planet-sun and planet-ring meshes. The contact 
forces can be resolved into components at the neutral axis 
of the outer ring, as shown, resulting in a radial force R, 
a tangental force T, and a moment M due to the offset of the 
tooth contact point from the neutral axis. 

The parameter C/P is used to calculate roller bearing life 
according to AFBMA standards using the equation L^q = 16667/N 
(C/p)10/3 where lio equals the bearing theoretical Liq life 
in hours. 

There is no straightforward way to consider the effects of 
R and M in determining the value of the equivalent applied 
load P. However, the presence of these loads obviously affect 
the roller load distribution and, therefore, the life of the 
bear i ng . 

11 
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TABLE 1 

SPECIFIED SPEEDS 


TEST BEARING 
DN Value 
(DNxlO“ 6 ) 

TEST 
Outer 
( rad/sec ) 

BEARING 
Ring Speed 

(rpm) 

RIG GEAR 
Speed 

rad/sec (rpm) 

0.1 

330 

3,150 

98 

S' 3 4 

CM 

• 

O 

660 

6,300 

196 

1,869 

0.3 

990 

9,450 

294 

2,803 

0.4 

1,320 

12,600 

391 

3,738 

0.5 

1,649 

15,750 

489 

4,672 

0.6 

1,980 

18,900 

587 

5,607 


12 




AT85T004 


To more accurate 1 / determine the load corresponding to the 
desired C/P values, an iterative procedure was employed using 
the $KF SPHF.RPEAN computer program. First, a value was 
selected for the tooth contact force F. The components R, 

T, and M were th*n calculated based on geometry. The 
SPHERBEAN progr* a was executed to obtain the bearing Lio life. 
Using the life equation, the corresponding value of C/P was 
computed. The procedure was repeated, adjusting the value 
of F until the desired values of C/P were obtained. 

The loads calculated using the above iteration procedure 
corresponding to the C/P specified values are summarized in 
Table 2. Also presented in the table are the corresponding 
torque values that must b« locked into the closed loop to 
produce the desired loads. The horsepower value listed 
represents the driving power that would be needed when 
operating at the maximum speed if an open loop loading 
system was used. 

The maximum permissive misalignment angle for the selected 
test bearing was calculated to be 0.048 rad (2.76°). This 
angle corresponds to the rotation of the inner ring relative 
to the outer .ing that would cause the edge of the roller to 
touch the edge of the outer raceway surface. 

The maximum valves thus calculated for load, speed, and mis- 
alignment were utilized in establishing the rig design. 

14 
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TABLE 2 

SPECIFIED I PADS 
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In order to establish the operating performance charac- 
teristic of the test bearing under the various conditions, 
the following measurements are required: 

1. Lubricant inlet temperature. 

2. Lubricant flow rate to test bearing. 

3. Inner ring temperature. 

4. Outer ring temperature. 

5. Outer ring speed. 

6. Cage speed. 

7. Applied load. 

8. Bearing friction torque. 

The rig was designed to permit the sensing and monitoring of 
these properties during operation. 

3 .3 Gearbox Design 

The two gearbox assemblies are essentially the same. Each 
consists of a housing which is split in a horizontal plane 
at the center line of the connecting shafts; two shaft, gear 
and bearing sub-assemblies; and either labyrinth seals or 
blind caps to cover the shaft support bearings, see Figures 
3 and 4. 

The gears are press fit on the shaft prior to grinding to 
insure the desired concentricity between the two. Each gear 
is also keyed to its shaft to prevent relative motion under 
the heavy loads. Double slots and keys, 180° a par t, are 

used to minimize the dynamic unbalance correction which 
would be required. The gears are located in the same ver- 

16 


SKF ENGINEERING & RESEARCH 

SKF INDUSTRIES. INC 



AT85T004 


FIGURE 3 
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tical plane at a specified center distance to allow the 
proper insertion of the test bearing between them. Special 
openings and mounting holes are machined into the housing to 
accept the stub shaft modules. 

Each box has a full length detachable cover; two flanged 
lubricant drain pipes, one on each end; and a regenerative 
air breather. The cover provides for maximum access to per- 
mit gear inspections and adjustments to the gear lubrication 
tubes. Each seal or cap is rabbeted into the housing and 
contains holes to direct lubricant into the gear support 
bearings. The caps and seals, which retain the outer rings 
of the gear-shaft support bearings, are axially positioned 
relative to the bearings to accommodate thermal growth of 
the shafts during operation and permit separation of the 
shaft couplings during assembly, disassembly, and load 
appl ication. 

The connecting shafts on one si..e are attached by a standard 
coupling, Amerigear FR101 1/2. On the other side they are 
connected by a speci al -desi gn torque adjusting coupler. As 
illustrated in Figure 5, one side of the torque coupling is 
held with a spanner wrench while the torque, which will pro- 
duce the desired planet gear loading, is applied to the 
other side. The torque is locked in place by bolting the 
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coupling halves together. T-headed bolts are used to pre- 
vent load slippage. Strain gages, attached to one shaft, 
with wire running down the center of the shaft to a slip 
ring assembly are used to sense the applied torque level. 

Based on the test bearing gear geometry and the load and 
speed specifications, the rig gears were designed to have 
the following values: 


Number of Teeth 

Operating Pitch Diameter 

Outside Diameter 

Root Diameter 

Addendum 

Base Diameter 

Face Width 


118 

336.93 mm (13.265") 
343.33 mm (13.517") 
330.35 mm (13.006") 
5.16 mm ( 0.203") 
3 C 7 . 6 7 mm (12.113") 
31.75 mm ( 1.250") 


A report prepared by PGC on the gearbox analysis is pre- 
sented in Appendix 1. The report incluues the gear analysis 
gear mesh efficiency and power loss, gearbox bearing 
analysis, and the torsional and lateral natural frequency 
analyses of the system including the drive motor. 

The gear analysis using a velocity factor of 0.900 and a 
face distribution factor of 1.089, which reflects high quail 
gearing, shows that the contact stress and bending stress 
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resulting from the maximum load condition are less than the 
allowable. The Dudley scoring index and the flash temperature 
calculations, assuming a 0.2 pm rms surface finish, indicate 
that tooth face scoring would not be expected. 

Gear mesh power loss was calculated using both the EHD method 
and the empirical formula from Dudley’s Gear Handbook. The 
power losses determined by the two methods were 9090 and 
12,692 watts (12.19 and 17.02 horsepower) per mesh respectively. 
The calculated efficiencies were 0.9918 and 0.9884. 

The gear shaft support bearings were selected by SKFI based 
on the loading that would result if a 50 mm bore test 
bearing was incorporated in the rig. Under these conditions 
the load bearings selected, a N312 cylindrical roller 
bearing, have a theoretical Li 0 life of 6000 hours. A 
theoretical Ljq life of 37,000 hours results when the maxi- 
mum loads are applied to the 31.76 mm bore test bearing. 

The natural frequency analyses show that only one torsional 
and no lateral natural frequencies fall within the operating 
range. Since no torsional excitation forces are expected to 
exist in the closed loop, no vibration problems are antici- 
pated . 
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3 . 4 Test Bearing Module Design 

The test bearing modules are generally the same but differ 
in detail since some different performance properties are 
measured on each. The right hand module is instrumented to 
measure the bearing drag torque and the left hand module is 
instrumented to measure the rotating outer ring temperatu“e. 

Both modules are additional ;> instrumented to measure lubricant 
inlet temperature, inner ring temperature, cage speed, and 
mi sal i gnment . 

Both Modules 

The major consideration in designing the modules w? to 
incorporate a configuration which would provide for an 
adjustable misalignment. The resulting configurations of 
the right and left modules are shown in Figure 6 and 7 
respectively. The layout drawing of ti . combined modules 
and gearboxes is shown in Figure 4. 

In order to produce a controlled misalignment, a stub shaft, 
with the test bearing mounted on the end, is supported by 
two rig bearings. Each rig bearing is mounted in separate 
yet relatively positioned housings. The two housings are 
doweled together during machining so the concentrically 
ground bearing seat arrange *• can be restored by rein- 
serting the dowel pin. The rear housing is attached to the 
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front housing by six shoulder bolts which extend through 
vertical slots. This slot and shoulder bolt combination 
permits only pure vertical motion between the two housings. 
This relative motion is produced by loosening the shouluer 
bolts and turning the adjusting screws located at both the 
top and bottom of the sub-assembly. 

The front support bearing position is fixed relative to its 
housing and shaft and functions as the pivot when ti’ting 
the stub shaft. By correctly fitting the stub-shaft module 
into the gearbox, the proper gear mesh and perfect alignment 
of the test bearing is obtained. 

By removing the dowel pin and producing a vertical dis- 
placement between the two housings, the stub shaft is tilted 
in a vertical plane. This motion causes a misalignment of 
the inner ring of the test bearing, which follows the tilt 
of the shaft, relative to the outer ring. The outer ring 
will move vertically and axially with the inner ring but its 
center line remains in a horizontal plane due to the 
restraint applied by the mating gear teeth. 

The measurement of the relative displacement of the two 
housings from the pinned position can be converted into the 
angular misalignment of the test bearing. When this misa- 
lignment is being set, one of the inner loop couplings must 
be loose as the vertical motion of the outer ring causes a 

windup of the closed gear-train loop. 
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The tilting of the stub shaft produces a misalignment not 
only in the test bearing but also in the two support 
bearings, thus the need for self-aligning spherical bearings 
in these locations. The tilting also produces an axial 
motion of the rear support bearing; therefore, the outer 
ring of this bearing must have a loose fit in the housing. 

An axial hole down the center of the stub shafts intersects 
with radial holes underneath the test bearing to permit 
under-race lubrication. The lubricant temperature is 
measured just prior to entering the shaft using J-type ther- 
mocouples. The two support bearings are grease lubricated 
to supplement the oil mist which is generated inside the 
gearbox. 0-rings are used at the interfaces between housings, 
between the front housing and gearbox, and between the cover 
plate and gear box to prevent oil leakage. An oil drain is 
located in the rear housing to minimize oil build-up. 

A J-type thermocouple, with the connecting wires extending 
down a groove in the stub shaft is used to measure the inner 
ring temperature. 

Proximity probes are used to measure cage and outer ring 
speeds, and to monitor the misalignment during operation. 
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Right Module 


The test bearing drag torque is measured in o..ly the right 
module. To accommodate this measurement, spherical roller 
bearings are used to support the stub shaft which extends 
through a seal n. the end cap. The roller bearings are used 
to minimize the resistance of the shaft to rotation due to 
friction in the test bearing. A strain gaged beam attached 
to the extended end of the stub shaft provides a good 
measurement of the test bearing drag torque. 

In this module the proximity probe used to measure the cage 
speed is mounted on the shaft end plate and extends into the 
bearing where it senses the roller pass frequency. This 
value is readily converted into cage rotational speed. Since 
the probe moves with the shaft, the misalignment of the bearing 
has no effect on the position of the prche tip relative to 
the rollers. 

Two proximity probes are used to mon'tor the misalignment of 
the bearing during operation. They are mounted on a stationary 
plate attached to the gearbox and sense the shaft end plate. 

The probes are located in a vertical plane equi-distant from 
the end plate and are equally spaced above and below the 
center line of the stub shaft when it is not tilted. Thus, they 
can be used to directly measure the misalignment adjustment or 
sense any change that may occur during operation. 
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Left Module 

The test bearing outer ring temperature is measured in the 
left module via the use of a slip ring assembly. The slip 
ring is located in line with the stub shaft but on the oppo- 
site side of the gearbox. It is attached to an adjustable 
face plate which can be moved vertically to insure alignment 
with the outer ring under all test bearing positions. 
Whenever the test bearing alignment is changed the slip ring 
position must also be changed since an extension of the 
outer ring is attached to and drives the slip ring shaft 
through a flexible coupling. 

The extension is cone shaped with all but two strips cut out 
of the side. The cutout area allows the lubricating oil to 
escape from the outer race. The strips, mechanically 
attached to the face of the outer ring, carry the T/C wires 
down to the apex where they pass through the coupling to the 
slip ring. 

The proximity probes used to sense alignment and shaft speed 
are mounted on the support bearing housing. The alignment 
sensing probe is located directly above the shaft, twelve 
o'clock position, so it will detect position changes in the 
vertical direction. The cage speed sensor is located at the 
three o'clock position to minimize changes in its relative 
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position to the rollers due to different degrees of 
mi sal i gnment . 

Since the test bearing drag torque is not measured on the 
left module, the stub shaft is supported on plain spherical 
bearings which permit the required misalignment but have a 
greater load capacity. The stub shaft is kept from rotating 
by a restraining pin located in the end of the shaft and 
extending through a hole in the housing end cover. 


loss calculation made for the maximum speed, 
condition show the following expected 


Power 

mi sal i gnemnt 
losses . 

Gear Support Bearing 
Gear Machine 
Test Bearing 


- 477 watts x 8 

- 12677 watts x 4 

- 8202 x 2 

Total 


load and 
power 

Watts h£ 


3,818 

5 

50,708 

68 

16,404 

22 

70,930 

95 


Therefore, a drive motor with no less than 100 hp would be 
needed to drive the test rig. 
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4.0 RECOMMENDATIONS 


As stated in the Introduction section, computer code SPHERBEAN 
was written under Contract NAS3-20824 to analyze the performance 
characteristics of spherical roller bearings. Under Contract 
NAS3-22807, the code was modified to incude analysis of a planet 
bearing operating in a helicopter transmission and specifically 
included operation with bearing misalignment and outer ring 
rotation. The code was then used to evaluate the performance of 
a specific bearing under a given set of conditions. However, no 
experimental data from misaligned and outer ring rotating bearings 
currently exists that can be used tc compare with the predictions 
of the code; thus modifications to the code have not yet been 
verified. 

Before the government can incorporate the modified code into its 
arsenal of analytical tools for evaluating and selecting bearings 
for aerospace applications, the predictions of the computer code 
must be verified. The design of the test rig here reported is 
the first step in obtaining the required experimental verification. 

It is, therefore, recommended that the designed test rig be 
manufactured and experimental data accumulated as soon as 
practically feasible. 
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INTRODUCTION 


This report contains the results of a comprehensive 
analysis of the SKF T' ' t Gearbox, including gearing, gear 
horsepower loss, be .ng analysis, torsional natural fre- 
quency analysis, lateral natural frequency analysis, and 
mass elastic data. The analyses were done at the maximum 
loading condition established by SKF. 
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OnterNo. 


Owertpdon 

GEARING 


The gearing designed for the SKF Test Stand is rated 
by AGMA Standard 218.01 at maximum torque and speed and 100 
hours design life. A gear analysis summary, produced by the 
P.G.C. GEAR Program, may be found on the next page. 
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Horsepower loss in the gears has been analyzed by thermal- 
elastohydrodynamic methods, taking into account sliding action of 
the gear teeth and oil film thickness. Philadelphia Gear has 
developed a computer program based on this method, and the results 
support the horsepower loss as calculated by the P.G.C. GEAR 
Program. 


Powe* loss as calculated by the EHD method is 12.19 horse- 
power, and by the GEAR Program, based on an empirical formula from 
Dudley* s Gear Handbook , is 17.02 horsepower. 
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NT A 

ORDER NUMBER 

NUMBER OF TEETH OF THE PINION 
NUMBER OF TEETH OF THE GEAR 
OUTSIDE DIAMETERS 

\ OVERSIZE FACTORS 

; FACE WIDTH 

DIAMETRAL PITCH-NORMAL 
PRESSURE ANGLE-NORMAL 
HELIX ANGLE 
TEETH CROWNINGS 

i TEETH CROWNINGS START AT 
LUBRICANT VISCOSITY ON 100 DEG F 

21G DEG F 

i INLET OIL TEMPERATURE 
BULK TEMPERATURE RISE ACROSS THE 
BLANK TEMPERATURE 
TRANSMITTED HORSEPOWER 
INPUT RPM 
TANGENTIAL FORCE 

i 

i 

I 


NORD- 424833 
Zl« 35. 

Z2-118. 

DKt- 4. 134 
DK2« 13.517 
XPl- . 1220 
XP2- . 2030 
BF- 1. 25* 

D. P. N*> 9.000 
ALFAN-22. 50 
BETA0- . 00 
DELTA-MAX- 1- .00090 
DELTA-MAX-2- .00090 
YCRO— .313 
ETA 1 00- . 86000-006 

ETA210- . 10000-006 

T0-120. 00 
MESH DT- 93.02 

TB— 120. 00 
POWER- 1466.22 
RPN1- 18900.000 
FT AN— . 24860+004 





RESULTS 

MINIMUM OIL FILM THICKNESS 
EHD POWER LOSS 
EFFICIENCY 
FRICTION FACTOR 


HMIN— .00001267 
PLOSS- 12. 19 
ETA- .9918 
FRF- .0083 
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In accordance with correspondence from SKF dated July 28, 
1983, the test gearbox has been designed using N312 cylindrical 
roller bearings. The bearings have been analyzed using the max- 
imum loading supplied by SKF, and the L 1Q rating has been deter- 
mined to be 37000 hours. 
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DOTATION X -PLANE V- PLANE COMBINED X-PLANE Y-PLANE COMBINED 

LBS LBS DIR. (DIB) LBS LBS DIR. (DIB 

i (VIEW A TO B) 1225.0 -551.3 114.06 1250.7 -558. 4 114.06 

i (VIEW A TO B) -1235.0 -551.3 245.94 -1250.7 -558.4 245.94 
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PHILADELPHIA GEAR CORPORATION 
King of Prussia, PA 19406 □ (215) 269*3000 Teleac 84S321 

Pag* No. 14 of 44 

Order No. 

Description 

TORSJGNAL FREQUENCIES OF TEST STAND 

Prepared by Dele 

Approved by Dele 

flevleion Dele 


A torsional analysis of the SKF Drive was done in order to 
determine the torsional natural frequencies of the system. Two 
computer programs have been used in this analysis: UMEDAT was used 

in determining mass moment of inertia and stiffness of the system 
components^ and VIBT utilized these results in a lumped mass moael 
to determine torsional natural frequencies. 

Figure 1 shows a model of the system components. The inertia 
and stiffness of the components are summarized in Table 1. 

The model for the torsional frequencies is shown in Figure 2. 
The system consists principally of three large masses, the motor 
and two gearsets. Since the remaining components are small in 
comparison (the largest being just 10% of the size of one gearset) , 
they are lumped with the masses of the major components, with min- 
imal effect on the natural frequency calculation. The dashed lines 
in Figure 1 indicate the component groupings for the lumped mass 
model. 

The lumped masses are connected by two stiffnesses, modeled by 
combining component stiffnesses as follows: (1) the stiffness 

between the motor and first gearbox is the series combination of 
the motor, coupling, and shaft stiffnesses; (2) the stiffness of 
each shaft pair and coupling between gearboxes is combined in 
series, and these two stiffnesses are then combined in parallel. 

The results of the torsional natural frequency analysis may be 
found in Table 3, and the operating frequencies are listed in Table 
2 . 
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PHILADELPHIA DEAR CORPORATION 

King of Pruttta, PA 19406 □ (219) 265-3000 Taiwc 646321 



FIG. 1 ACTUAL SYSTEM 



FIG. 2 SYSTEM MODF T 


Ij ■ Motor + 1/2 Drive Coupling ♦ 1/2 Input Shaft & Motor Shaft 

1'2 » 1/2 Drive Coupling ♦ Gea^ + Gear^ + Pinion 2 + Shaftj ♦ Shaft^ 

♦ 1/2 Torque Adjustor >■ 1/2 Rigid Coupling + 1/2 Input Shaft 

Ij ■ 1/2 Torque Adjustor ♦ Shaft 2 ♦ Shaftj ♦ Gear 2 * 

+ Pinion 2 * Gear^ ♦ 1/2 Rigid Coupling & Slip Ring 

K- * Motor Stiffness $ Drive Coupling Stiffness § Input Shaft Stiffness 
and Motor Shaft Stiffness 

X 2 * Shafts 1*2» 3, 4 Stiffness & Torque Adjustor Stiffness 6 rigid 
coupling stiffness. 
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PHILADELPHIA GEAR CORPORATION 
King of PruMla, PA 19406 □ <21S) 266-3000 Tate 846321 


STIFFNESS AND MOMENT OF INERTIA 
. OF SYSTEM COMPONENTS 


Offer Na 




Motor * Motor Shaft* 


Drive Cplg.* 


Input Portion of Shaft 
#1 


Gears 1-4 


Rest of Shaft 1 


Torque Adjustor* 


Shafts 3 & 4 


Pinions 1 & 2 


Rigid Cplg.* 


Shaft 2 


Misc. Moments of 
Inertia 

Slip Ring 


Moment of 
Inertia Ref . - 
L.S.S. (lb-in z ) 


2906.5 


Stiffness 
(in. lb/rad) 



♦SUPPLIED BY CUSTOMER 
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PHILADELPHIA GEAR CORPORATION 
Kina of Prussia. PA 19409 □ (216) 295-3000 Tstoc 849321 


Order No. 


STIFFNESS AND MOMENT OF 
INERTIA OF SYSTEM 


Apnrewsdby 


2906.5 + 1/2 (5.8) + 1/2 (8) 
2913 LB -IN 2 


1/2 (5 ) + 1/2 (8) + 2 (583) +79+11+16 

+ 1/2 (287.5) + 1/2 (68.2) 


1458. LB- IN' 


1/2 (287.5) +19+10+2 (583) + 79 + 1/2 (68.2) 
+ 1.3 

1459 LB-IN 2 


l + 1 + l 

1195442 1194313 750000 


l + 1 + 1 

1195442 1195442 750000 
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PHILADELPHIA GEAR CORPORATION 

P^»Na i 8 o< 44 

rane<rfPMKit.PA1940e O (215) 265-3000 Tatac 846321 

OidarNa 


“"“’system operating and system torsional 

NATURAL FREQUENCIES SUMMARY 


Praparadby 


Approved by 


DESCRIPTION 

OPERATING FREQUENCY (Hz) 

All Shafts 

93.43 

Helical Mesh 

11025 

Pinion Frequency 

315 




DESCRIPTION 

NATURAL FREQUENCY (Hz) 

1ST 

45.2 

2ND 

102.4 
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PHILADELPHIA GEAR CORPORATION 

PS9*Na 22*44 

Woq Of Prune. PA 19406 □ (219) 269*3000 Totaic 646321 

OrtforNo. 


LATERAL NATURAL FREQUENCIES 
OF TEST 


Praparadty 


Inn « m ft 1^4 

mmmm oy 


The Philadelphia Gear Rotor Dynamics ( ROTDYN ) program has 
been used to analyze lateral vibration characteristics of the 
Test Stand shafting. An eigenvalue problem is formulated by 
assuming small excursions from the equilibrium configuration of 
the rotor /bearing systca. ROTDYN employs an extension of the 
Prohl critical speed method# modified to account for elastic 
rotor mountings and for the influence of distributed shaft mass# 
and was run neglecting damping consideration. The program yields 
all the natural frequencies of the system and their mode shapes. 


Ill 









Shaft Element 

Element Stations 
Element Type 

Material Type 


Length (in) 

0. D. (in) 

1. D. (in.) 

O.D. (in.) 


ROTDYN INPUT DATA EXPLANATION 


Shaf - is divided into elements | 
which are numbered in ascending 
order, starting from one end 
of the shaft. 

Station number of the two ends 
of a shaft element. 

Describes the shaft element type 
as a solid or hollow, tapered or 
uniformed. 

Material type no. of the element. 
In this program, each shaft ele- 
ment is assumed to be made of a 
single material. The properties 
for each material are specified 
in material cards, which include 
material type number. Young's 
Modulus (PS I) , Shear Modulus 
(PSI), and Density (lb/in 3 ) 

Length of element 

Outside diameter of the shaft 
element end. 

Inside diameter of the same shaft 
element end. 

Outside diameter of the other 
shaft element end. 
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PHILADELPHIA GEAR CORPORATION 

rang of PruMta, PA 19406 O <215) 366-3000 Totac 646321 

NgoNo. 37 of 44 

OrtorNo. 

Mon 

MOTOR AND COUPLING MASS ELASTIC DATA 


Append* om 

IZBHKBi 


MOTOR 4 MOTOR- SHAFT: 


DRIVE COUPLING: 


SHAFT COUPLING: 
TORQUE ADJUSTOR: 


I - .627 Lb-Ft - Sec 2 
K « 635000 Lb-Ft/Rad. 

I - .00125 Lb-Ft - Sec 2 
K ■ 35000 Lb-Ft/Rad. 

I « .0147 Lb-Ft - Sec 2 
K » 62500 Lb-Ft/Rad. 

I * .062 Lb-Ft - Sec 2 
K « 62500 Lb-Ft/Rad. 
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